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PREFACE

The Flight Systems Integrity Group of the Structural Integrity Division of the University of
" Dayton Research Institute (URDI) performed this work under Federal Aviation Administration
(FAA) Grant No. 00-G-015 entitled “An Assessment of A-320 Operational Loads and Usage
Characteristics and Automated Systems Effects.” The Program Manager for the FAA was Mr.
Thomas DeFiore of the FAA William J. Hughes Technical Center at Atlantic City International.
Airport, New Jersey, and the Program Technical Advisor was Mr. Terence Barnes of the FAA
Aircraft Certification Office. Mr. Daniel Tipps was the Principal Investigator for the University
of Dayton, provided overall technical direction for this effort, and assisted in preparation of the
final report. Mr. Donald Skinn developed the data reduction algorithms, programmed the data -
reduction criteria, and performed the data reduction. Mr. Jobn Rustenburg performed the data
analysis, created the graphical presentations, and assisted in preparation of the final report.

While UDRI tries to use the same data reduction criteria when processing data from different
aircraft types, there are circumstances when the criteria must be revised in order to accurately
retrieve data associated with a desired event. Specifically, when the squat switch indication was
used on the Airbus A-320 as the criteria to determine when liftoff and touchdown occurred, the
processed data showed that the squat switch did not provide an accurate indication of when these
events actually occurred. Thus, UDRI conducted a study to determine if a better criteria could be
developed for determining when these events occurred. The new criteria, which were developed,
used radio altitude to identify when liftoff occurred and time (5-seconds) prior to when the squat
switch indication came on to identify when touchdown occurred.

The application of these new criteria provided good results, but all statistical data involving the
A-320 aircraft operations during liftoff and touchdown that had been previously processed had to
be redone. Of particular importance, when the new touchdown criteria were used, it was
discovered that the vertical load factor data associated with the touchdown event had been
previously processed as having occurred during the approach phase of flight phase instead of at
touchdown. Consequently, the previously processed gust velocity flight data reflected the
response to occurrences of vertical load factors that should have been attributed to landing
impact.

Based on these findings from the A-320 program, UDRI looked at the statistical data it had
previously processed at touchdown for other aircraft types such as the B-737, MD-80, and B-
767, and concluded that the new criteria for touchdown could affect the data presented in
published reports for those aircraft. Thus, the statistical data presented in those reports may need
to be updated using the new touchdown criteria. It is also possible that the gust velocity data
contained in some of the earlier FAA/NASA documents could be affected by UDRI’s findings.
- A list of these reports is shown on the next page.
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LIST OF SYMBOLS AND ABBREVIATIONS

A aircraft PSD gust response factor
a speed of sound (ft/sec)
apg speed of sound at sea level (ft/sec)

wing mean geometric chord (ft)

c
C aircraft discrete gust response factor
C; aircraft lift curve slope per radian

Cr . maximum lift coefficient
CAS calibrated air speed

c.g. center of gravity

D integrated flight distance
EAS equivalent airspeed

F(PSD) continuous gust alleviation factor

g gravity constant, 32.17 ft/sec?
H, pressure altitude, (ft)
K, discrete gust alleviation factor, 0.88 p/(5.3 + )
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kts knots

L turbulence scale length (it)

M Mach number
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Ny number of zero crossings per nautical mile (PSD gust procedure)

N; fan (low pressure compressor) rotor speed (percentage of normal maximum turbine
speed.) :

N> turbine (high pressure compressor) rotor speed (percentage of normal maximum
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Fe longitudinal load factor (g)

iy lateral load factor (g)

n, vertical load factor (g)
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EXECUTIVE SUMMARY

The primary objective of this research is to develop new and improved methods and criteria for
processing and presenting large commercial transport airplane flight and ground loads usage
data. The scope of activities performed involves (1) defining the service-related factors that
affect the operational life of commercial aircraft; (2) designing an efficient software system to
reduce, store, and process large quantities of optical quick-access recorder data; and (3) reducing,
analyzing, and providing processed data in statistical formats that will enable the FAA to
reassess existing certification criteria. Equally important, these new data will also enable the
FAA, the aircraft manufacturers, and the airlines to better understand and control those factors
that influence the structural integrity of commercial transport aircraft. Presented herein are
Airbus A-320 aircraft operational usage data collected from 10,066 flights, representing 30,817
flight hours, as recorded by a single U.S. airline operator. Statistical data are presented on the
aircraft’s usage, flight and ground loads data, and systems operations. The data presented in this
report will provide the user with information about the accelerations, speeds, altitudes, flight
duration and distance, gross weights, speed brake/spoiler cycles, thrust reverser usage, and gust
velocities encountered by the Airbus A-320 during actual operational usage.
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1. INTRODUCTION.

The Federal Aviation Administration (FAA) has an ongoing airborne data monitoring systems
research program to collect, process, and evaluate statistical flight and ground loads data from
transport aircraft used in normal commercial airline operations. The objectives of this program
are (a) to acquire, evaluate, and utilize typical operational in-service data for comparison with the
prior data used in the design and qualification testing of civil transport aircraft and (b) to provide
a basis to improve the structural criteria and methods of design, evaluation, and substantiation of
_ future airplanes. The University of Dayton Research Institute (UDRI) supports the FAA’s
efforts by developing the technology for reducing, processing, analyzing, and reporting on the
operational flight and ground loads data received from the airlines participating in the FAA
program and by conducting research studies.

Since the inception of the FAA’s Airborne Data Monitoring Systems Research Program, the
scope of the Flight Loads Program has steadily expanded to include research on data collected
from several aircraft operators and on aircraft models such as the B-737, B-767, MID-82/83, and
BE-1900D. While current program research efforts are tailored primarily to support the FAA
and the aircraft structural design community in evaluating design criteria related to the strength,
durability, and damage tolerance of the basic airframe structure, much of the data that are
available, when provided in meaningful statistical formats, can provide the aircraft operator with
some valuable insight into how his aircraft and aircraft systems are being used during normal
flight and ground operations. In an effort to improve the data content and to disseminate
meaningful data to the larger community of designers, regulators, and aircraft operators, UDRI
has made changes, deletions, and additions to the statistical data formats as presented in past
reports. These changes occur throughout the data presentation section of this report.

This report presents flight and ground loads data obtained from 56 Airbus A-320 aircraft
representing 10,066 flights and 30,817 hours of airline operations from one U.S. carrier.

2. AIRCRAFT DESCRIPTION.

The Airbus A-320 is the first subsonic commercial aircraft equipped with fly-by-wire control
throughout the entire flight envelope, and the first aircraft to have sidestick controls instead of
the standard control column and aileron wheel. The fly-by-wire system controls ailerons,
elevators, spoilers, flaps, leading-edge devices, engine thrust, and rudder and tail surface trim.
The flight control system incorporates a feature that will not allow the aircraft's structural and
. aerodynamic limits to be exceeded regardless of pilot input.

Table 1 presents certain operational characteristiés and major physical dimensions of the Airbus
A-320 aircraft, and figure 1 presents a three-view drawing showing front, top, and side views of
the aircraft.



3. AIRLINE DATA COLLECTION AND EDITING SYSTEMS.

The airline data collection and editing system consists of two major components: (1) the data
collection system installed on board the aircraft and (2) the ground data editing station. A
schematic overview of the system is shown in figure 2. The data collection and editing systems
are discussed in more detail below.

Digital Flight Data Optical Quick
E Acquisition Unit Access Recorder
=
=
70}
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R
Quick Lock Display Printer
=
B Ground Optical Disk
P
E Storage System
(72} Processes Data
o Archives Data
Z Copy to UDRI
= I
< Flight Opticat Disk Processor
&4 Configures Flight Disk
s Reads Flight Disk

Final Display Printer

FIGURE 2. AIRLINE RECORDING AND EDITING SYSTEM

3.1 Airline Data Collection System.

The onboard data collection system for the Airbus A-320 consists of a Digital Flight Data
Acquisition Unit (DFDAU), a Digital Flight Data Recorder (DFDR), and an Optical Quick-
Access Recorder (OQAR). The DFDAU collects sensor signals and sends parallel data signals
to both the DFDR and the OQAR. The OQAR is equipped with an optical disk, which can store
up to 300 hours of flight data, whereas the DFDR uses a 25-hour looptape. The optical disk is
periodically removed from the OQAR and forwarded to the ground processing station.



However not all parameters listed in table 2 are used for statistical analysis and data
presentation. Those recorded parameters that are used by UDRI to create time history files,
compressed onto MO disks, and processed through the data reductlon software for statistical
analysis and data presentation are highlighted in table 2.

4.2 Computed Parameters.

Certain information and parameters needed in subsequent data reduction are not recorded and
need to be extracted or derived from available time history data. Derived gust velocity, Uz, and
continuous gust intensity, U, are important statistical load parameters, which are derived from
measured vertical accelerations. This derivation of U, and Uy requires knowledge of
atmospheric density, equivalent airspeed, and dynamic pressure. These values are calculated
using equations that express the rate of change of density as a function of altitude based on the
International Standard Atmosphere. _

4.2.1 Atmosp}heric Density.

For altitudes below 36,089 feet, the deﬁsity p is expressed as a function of altitude by
p = p,(1-6.876 X107 x H, )** o

where po is air density at sea level (0.0023769 slugs/ft’) and H, is pressure altitude (ft). Pressure
altitude is a recorded parameter.

4.2 2 Equivalent Airspeed.

Equivalent air speed (V,) is a function of true air speed (Vr) and the square root of the ratio of air
density at altitude (p) to air density at sea level (po) and is expressed as

v, =v, &

pD (2)
True airspeed (V) is derived from Mach number (M) and speed of sound (a):

Vi =Ma 3)

Mach number is dimensionless and is a recorded parameter. The speed of sound (a) is a function
of pressure altitude () and the speed of sound at sea level and is expressed as

a:ao,\[(]—6.876xlo_6pr) 4)

Substituting equations 1 and 4 into equation 2 gives

V, =M xa,x(1-6.876 x10° xH , J* X(1-6.876 X107 x H, }*"** )



4.2.5 Continuous Gust Intensity (U).

Power spectral density (PSD) functions provide a turbulence description in terms of the
probability distribution of the root-mean-square (rms) gust velocities. The root-mean-square
gust velocities or continuous gust intensities, Uy, are computed from the peak gust value of
vertical acceleration using the power spectral density technique as described in reference 1 as

An

U,=—" '
= (10)

where An, = gust peak incremental vertical acceleration

A = aircraft PSD gust response factor = MF(PSD) in — (11)
' 2W ft/sec
po = 0.002377 slugs/ft’, standard sea level air density
V. .= equivalent airspeed ({t/sec)
C, = aircraft lift-curve slope per radian
S = wing reference area Sisg)
W = gross weight (Ibs)
1 :
F(PSD)= 11—§|jij|3 £ . dimensionless (12)
NARI AR IO - ,
¢ = wing mean geometric chord (it)
L = turbulence scale length, 2500 ft
= —%1——, dimensionless (13)
pgeCy, S
p = airdensity (slugs/ft*)
g = 3217 ft/sec”
' To determine the number of occurrences (N) for Uy, calculate
0.46
No(o)y o
N = 0o(0hy - ﬁﬂ , dimensionless (14)
No(o) 203 pq

where E, p, po, and u are defined above. Then each U, peak is counted as N counts at that U
value. This number of counts is used to determine the number of counts per nautical mile (n#n), or

counts _ ( N J . | (15)

nm distance flown in counting interval

Finally, the number of such counts is summed from the largest plus or minus value toward the
smallest to produce the cumulative counts per nautical mile.
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4.3.2 Time History Files.

Each magneto-optical disk provided by the airline contains multiple flights for each airplane.
The files on MO disks are separated into individual parameter time history files for each flight.
Then these time history files are compressed and stored on the same 230-MB magneto-optical
disks for later recall by the flight loads processing software. Data editing and verification are
performed on the data as the time histories are being prepared. Message alerts indicate that
obviously erroneous data have been removed and/or that questionable data have been retained
but need to be manually reviewed prior to their acceptance. Table 3 lists the limits against which
the data are compared. Some of the parameters from table 1 are edited and retained even though
they are not currently being used.



4.3.5 Loads Data Reduction.

The loads data reduction program uses the compressed time history files to derive statistical
information on aircraft usage, ground loads, flight loads, and systems operations. These data are
then reduced in accordance with specific data reduction criteria.

4.4 Data Reduction Criteria. -

To process the measured data into statistical loads formats, specific data reduction criteria were
developed for separating the phases of ground and flight operations, identifying specific events
associated with operation of the aircraft and its onboard systems, assigning sign conventions,
determining maximum and minimum values and load cycles, and distinguishing between gust
and maneuver load factors. These criteria are discussed in the following paragraphs.

4.4.1 Phases of Flight Profile.

The ground and flight phases were determined by UDRI from the recorded data. Each time
history profile was divided into nine phases—four ground phases (taxi out, takeoff roll, landing
roll with and without thrust reverser deployed, and taxi in) and five airborne phases (departure,
climb, cruise, descent, and approach). Figure 4 shows these nine phases of a typical flight profile.

CRUISE

DEPARTURE APPROACH

TAXT | TAKEOFF LANDING | TAXE
OUT | ROLL ROLL | IN

FIGURE 4. DESCRIPTION OF FLIGHT PROFILE PHASES

The criteria used to define each of these phases are summarized in table 4 and discussed in more
detail in the following paragraphs.
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off at liftoff until it turns on again at landing touchdown. The beginning of each flight phase is
defined based on combinations of the squat switch position, flap settings, and/or the calculated
rate of climb or descent over a period of at least 1 minute as shown in table 4. Also, by
definition, the departure phase cannot be less than 1 minute in length.

It should be noted that an airborne phase could occur several times per flight because it is
determined by the rate of climb and the position of the flaps. When this occurs, the flight loads
data are combined and presented as a single flight phase. The UDRI software then creates a file
that chronologically lists the phases of flight and their corresponding starting times.

4.4.2 Specific Events.

In addition to the ground and airborne phases, a unique set of criteria was also required to
identify certain specific events such as liftoff, landing touchdown, thrust reverser deployment
and stowage, and start and completion of turnoff from the active runway after landing. Figure 5
shows a sketch depicting these phases and events.

The criteria used to define each of the specific events are summarized in table 5 and dlscusscd in
more detail in reference 2 and the following paragraphs.
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FIGURE 5. SKETCH OF GROUND PHASES AND SPECIFIC EVENTS
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